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Summary  
Although in the past the prevention of joint destruction in rheumatoid arthritis (RA) was strongly 
emphasized, now a great interest is focused on associated comorbidities in these patients. Multiple 
data suggest that a large percentage of RA patients are affected by Type 2 Diabetes (T2D), whose 
incidence has reached epidemic levels in recent years, thus increasing the health care costs. A 
better knowledge about the pathogenesis of these diseases as well as the mechanisms of action of 
drugs may allow both policy designers and physicians to choose the most effective treatments, 
thus lowering the costs. This review will focus on the role of Interleukin (IL)-1β in the pathogenesis 
of both the diseases, the efficacy of IL-1 blocking molecules in controlling these diseases, and will 
provide information suggesting that targeting IL-1β, in patients affected by both RA and T2D, may 
be a promising therapeutic choice. 
 
Keywords: Rheumatoid Arthritis; Type 2 Diabetes; IL-1β; macrophage; pathogenesis, biologic 
drug, IL-1 blocking agents. 
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Introduction 
Rheumatoid arthritis (RA) is an autoimmune disease in which tumor necrosis factor-α (TNF-α) and 
interleukin-1β (IL-1β) play a key role in the  induction and progression of the disease. Therapies, 
antagonizing their effects, have been shown to be effective in controlling the symptoms as well as 
the activity of RA [1-3]. Several reports and data from registries confirm that the prevalence of type 
2 diabetes mellitus (T2D) is increased in RA patients [4]. Several data, in recent years, showed 
that the excess of nutrients, secondary to over-nutrition, may activate the immune system [2], 
leading to an increased production of inflammatory cytokines, and suggested that an inflammatory-
mediated process, mainly mediated by IL-1β, may be associated to T2D pathogenesis [1]. The 
magnitude of metabolic stresses, associated with a genetic predisposition, may lead to a  
continuous immune activation culminating into the disease [1-3]. These alterations are usually 
recognized in obese individuals, a condition frequently observed in RA patients, due to both 
inflammatory process and lifestyle changes, in which  hypoxia, deriving from the uncoupled growth 
of adipose tissue and vasculature, recruits activated macrophages into the  tissue, thus providing 
the pathological link between adipose tissue expansion and inflammation [5,6]. Recently, several 
data have been reported about metabolic syndrome, insulin resistance, T2D and activation of the 
immune response, confirming the involvement of IL-1β in the recruitment of activated immune cells 
into pancreatic islets, in the β-cell apoptosis and islets fibrosis, as well as the efficacy of IL-1 
blockers in controlling [7] these deleterious effects  
This review focusing the pathogenic role of IL-1β in the pathogenesis of both RA and T2D, the 
efficacy of IL-1 blocking agents in controlling these different but frequently associated diseases,  
will provide information suggesting that targeting IL-1β may be, in the future, a promising 
therapeutic choice in patients affected by both the diseases. 
IL-1β production and release  
The IL-1 family includes 11 members and among them, IL-1β plays a key role in many 
inflammatory diseases [8]. IL-1β is produced as inactive precursor, the pro-IL-1β, and after its 
proteolytic cleavage by active caspase-1, the active form of IL-1β, may be release. Caspase-1 
activation requires the oligomerisation of the inflammasome, a complex intracellular proteic 
platform [9]. The inflammasome platform may prevent a uncontrolled production of IL-1β. In fact, 
patients with a genetically mediated deregulation of caspase-1 activation, leading to a continuous 
IL-1β production, develop a severe multi-organ sterile inflammations, such as cryopyrin-associated 
periodic syndrome and Muckle-Wells Syndrome  [8-10].  
IL-1β is mainly produced by cells of innate immune system, [11] after its release, binds 2 surface 
receptors, IL-1 type I (IL-1RI) and IL-1 type II (IL-1RII). These receptors show a single 
transmembrane domain associated with an IgG-like extracellular domain. IL-1RI shows displays a 
conserved region of 212 amino acids in the cytoplasmic tail, the Toll/IL-1R domain. IL-1RII contains 
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a signalling-incompetent intracellular domain of 29 amino acids that negatively regulates IL-1β 
signalling by serving as a docking site for IL-1β, thus preventing IL-1β/IL-1RI interaction. After IL-
1β binding, IL-1RI undergoes a conformational change linking the interleukin 1 receptor accessory 
protein (IL-1RAcP) to form the IL-1RI/IL-1β/IL-1RAcP hetero-complex, leading to the  recruitment 
of downstream signalling molecules, such as the myeloid differentiation primary response gene 88 
(MYD88) and interleukin-1 receptor-activated protein kinase (IRAK) 4, 2 intracellular adaptor 
proteins, are assembled by conserved cytosolic regions called Toll- and IL-1R-like (TIR) domains. 
The IRAK4 phosphorylation precedes the phosphorylation of IRAK1, IRAK2 and tumor necrosis 
factor receptor-associated factor (TRAF) 6. The latter is an ubiquitin E3 ligase, that after 
association with ubiquitin E2 ligase complex, attaches K63-linked polyubiquitin chains to different 
IL-1 downstream intermediates, including TGF-β-activated protein kinase (TAK-1). After 
TRAF6/TAK-1 association, many transcription factors, such as NF-κB, and AP-1, which are 
involved in the inflammatory response, may be activated [8-12]. Furthermore, exogenous microbial 
products or exogenous cytokines, such as TNF-α IL-18, or IL-1β itself may provide additional 
signals, inducing the synthesis of IL-1β mRNA [8-12].  
A natural IL-1 Receptor Antagonist (IL-1RA), lacking agonistic activity in humans, is produced to 
modulate the IL-1β activity. IL-1RA, saturating both the binding sites of IL-1R and blocking the 
recruitment of IL-1RAcP, inhibits the formation of the IL-1RI/IL-1β/IL-1RAcP hetero-complex thus 
stopping the downstream cascade [13]. 
RA and IL-1β pathogenesis  
A large number of evidence in experimental models of arthritis as well as in humans confirmed the 
role of IL-1β in RA pathogenesis [14]. In fact, the synovial fluid of RA patients shows high IL-1β 
levels, produced by synovial tissue macrophages, activated T cells, fibroblasts and chondrocytes 
[15]. In affected joints, IL-1β modulates leucocyte recruitment, as well as the induction of matrix 
metalloproteinases (MMPs) and an higher tissue turnover [15,16], inducing cartilage degradation 
and inhibition of new matrix synthesis, thus leading to joint destruction, as confirmed in different 
animal models, in which the overexpression of IL-1β induces joints damage mirroring the pathology 
of RA [17]. Furthermore, IL-1β stimulates osteoclast differentiation and activity, via receptor 
activator of a nuclear factor kappa-B ligand (RANKL) expression in both the synovial fibroblasts 
and T cells of RA patients, a mechanism involved in bone erosion [18-22]. In addition, a vicious 
amplification loop, including IL-1β, TNF-α and IL-6, may contribute to the bone loss, via the 
modulation of synovial leucocyte infiltration and  pannus organization [13]. Furthermore, in 
experimental RA models, spontaneous poly-arthropathy and bone erosions may be observed after 
deletion of the gene encoding for IL-1RA [20-25]. On the contrary, a reduction of the cartilage 
breakdown associated with a preservation of cartilage matrix synthesis may be observed after the 
intra-articular transfer of the human IL-1RA gene in experimental models [26,27]. Finally, the 
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antagonism of IL-1β by using neutralizing antibodies, in adjuvant arthritis model, strongly 
decreased the disease activity [23,24].  
The role of mononuclear cells in the production of IL-1 β during RA 
Bone marrow progenitors, circulating monocytes, and tissue macrophages populate lymphoid and 
non-lymphoid tissues; an imbalance of their function may contribute to the RA pathogenesis as 
well as the development of comorbidities [28].  
Two different subsets of macrophages, called M1 and M2 cells, mirroring what observed for Th1 
and Th2 nomenclature, may be identified. M1 macrophages are activated by inflammatory stimuli 
such as interferon (IFN)-γ, granulocyte macrophage colony-stimulating factor (GM-CSF), IL-1β and 
TNF-α, and express higher levels of inflammatory cytokines, such as TNF-α, IL-1β, IL-6, IL-23, IL-
12, reactive nitrogen intermediates (RNI), reactive oxygen intermediates (ROI), and chemokines, 
thus displaying a pro-inflammatory activity. On the contrary, activated M2 macrophages are 
induced by IL-4, IL-13, macrophage colony-stimulating factor (M-CSF), IL-10, and corticosteroids 
[29], express higher levels of IL-4, IL-10, CD163, CD206, and chemokine (C-C motif) ligand 
(CCL)16, 17, 18, 22, and 24, thus promoting wound healing and immune modulatory/suppressive 
activities [30]. During RA, increased levels of both GM-CSF and M-CSF may be observed in the 
synovial fluid, thus contributing to the joint inflammation via the activation of M1 macrophages. 
Furthermore, several inflammatory cytokines modulate the overproduction of GM-CSF and M-CSF 
by synovial fibroblasts and chondrocytes, thus  inducing a self-perpetuating vicious loop [31]. In RA 
patients, the normal balance between these 2 macrophage subsets may be restored by 
conventional therapies and/or biologic agents [28-30]. 
It is well known that T cells play a major roles in RA pathogenesis. In fact, RA is considered an 
autoimmune pathology in which autoreactive T cells are activated and involved in all the 
pathogenic steps of the disease. T cells, by the interaction with an unidentified antigen, proliferate 
and activate in early phases of the disease and directly drive the chronic inflammatory process 
[31]. Available literature confirms that T cells are activated and accumulated in the inflamed 
synovium, thus leading to perpetuation of the chronic inflammation and tissues remodeling and 
destruction. On these bases, experimental therapies targeting autoreactive T cells have been 
developed, including clinical trials with of anti-CD4 monoclonal antibodies, induction of oral 
tolerance, T cell vaccine and peptide therapy [32]. Although the preliminary results are 
encouraging, further studies are needed to fully elucidate the efficacy as well as the safety of these 
immunotherapies.  
 
IL-1 blocking agents for RA 
Anakinra, a recombinant form of a human IL-1RA, is a biologic drug antagonizing IL-1 activity. both 
IL-1β or IL-1α activity. This drug showed, in several clinical studies, a significant improvement in 
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signs and symptoms of RA [33]. A systematic review of literature, confirmed a significant clinical 
improvement in anakinra treated patients groups, associated with a significant lowering of 
radiographic progression [33]. In addition, no opportunistic infections and reactivation of latent 
infection of Mycobacterium tuberculosis was observed, confirming the good safety profile of this 
drug [33]. Finally, anakinra decreased the daily intake of glucocorticoids in RA patients enrolled in 
the clinical trials [33], a significant added benefit, considering the deleterious effect of steroids long 
treatment. 
Canakinumab is a fully human anti-interleukin IL-1β monoclonal antibody, approved for the 
treatment of cryopyrin associated periodic syndrome [34]. Recently, it has been tested for the RA 
treatment [35,36]. Its efficacy was assessed in a proof-of-concept study enrolling 53 active RA 
patients treated by methotrexate. The results showed that canakinumab significantly reduced the 
disease activity in enrolled population [35]. More recently, both the efficacy and safety of 
canakinumab, in RA  patients, were evaluated in a phase II, randomized, double-blind, placebo-
controlled trial, enrolling 274 patients. Patients were randomized to receive, in addition to 
methotrexate, , canakinumab or placebo every 2 weeks. The reported data showed that a large 
percentage of patients, treated with canakinumab, reached a significant clinical improvement when 
compared with placebo group without any concern about infection [36].  
IL-1β and T2D  
Increased levels of  glucose and free fatty acids (FFAs), such as oleate, palmitate and stearate 
may be able to induce an overproduction and release of inflammatory cytokines and chemokines 
by immune cells, adipose tissue, pancreatic islets and other insulin sensitive tissue. As far as the 
pancreatic islets are concerned, the final result of this process is the development of β-cell 
dysfunction and apoptosis, resembling both T1D and T2D pathogenesis [1-3]. 
Although in both pancreatic islets and adipose tissue the mechanisms of glucose induced 
activation of IL-1β are not fully understood, several observations have been reported concerning a 
possible link between immune cells and development of T2D [7].  
As far as the ability of increased glucose levels to modulate the production of inflammatory 
cytokines is concerned, conflicting results may be available in literature. Maedler et al. showed that 
higher glucose levels were able to up-regulate the secretion and function of molecules involved in 
the inflammatory process, such as IL-1β, NF-κB and Fas [37]. On the contrary, Welsh et al. failed 
to confirm these results in the cultures of the human islets stimulated with different concentrations 
of glucose [38]. At present, further studies need to better elucidate the role of IL-1β in the 
pathogenesis of T2D. 
Glucose-induced IL-β production may involve the NOD-, LRR- and pyrin domain-containing 3 
(NLRP3) inflammasome [1-3]. Specifically, the increased levels of glucose induce the dissociation 
of thioredoxin-interacting protein (TXNIP) from thioredoxin, under the influence of ROI. 
Successively, the interaction of TXNIP with the NLRP3-inflammasome, activating caspase 1, 
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modulates the release of IL-1β [39]. Although in this context, the pathogenic mechanisms of ROI 
are not still fully clarified, it must be pointed out that the β-cells display a very low reservoir of 
antioxidative enzymes, being more vulnerable to oxidative stress [1-3]. 
In the later stages of T2D, the deposition of amyloid in the islets further contribute to the release of 
IL-1β, via the activation of NLRP3-inflammasome [40]. Interestingly, deposition of amyloid in the 
islets is a hallmark of T2D, and human islet amyloid polypeptide (IAPP) seems to be related with 
the induction of IL-1β secretion both in macrophages and β-cells [40]. In addition, several other 
mechanisms have been proposed to explain the toxic effects of amyloid on β-cells, such as ER 
stress, defects in autophagy, enhanced production of pro-inflammatory cytokines, mitochondrial 
membrane damage, permeabilization of cell membranes, activation of Calpain-2, receptor-
mediated mechanisms linked to oxidative stress, and finally the activation of cell death signaling 
pathways [41]. 
As far as FFAs and their metabolites are concerned, it has been suggested that FFAs may act as 
either pro- or anti-inflammatory agents depending on the chemical structure. Saturated fatty acids 
(SFA) and polyunsaturated fatty acids (PUFA) significantly differ in their contributions to 
inflammation [42]. While SFAs have been shown to induce inflammation, PUFAs display an anti-
inflammatory effects by downregulating NF-kB, IL-1β, TNF-α and IL-6. It has been suggested that 
SFAs may activate G protein-coupled receptors (GPCRs), thus promoting the production and 
release of inflammatory cytokines such as IL-1β, IL-6 and TNF-α. In addition, SFAs, binding to Toll 
Like Receptors (TLR), mainly TLR2 and TLR4, peroxisome proliferator-activated receptors 
(PPARs) and GPCRs may further increase the inflammatory process. [42-45]. 
In this setting, the inflammasome, in presence of a possible metabolic stressor, may act as a 
sensor of metabolic danger, thus inducing IL-1β production and leading to the tissues damage [43]. 
Furthermore, a vicious cycle of auto-inflammation may be observed in purified human β-cells, that 
after stimulation with IL-1β, increase their production and release of the same cytokine thus 
perpetuating the inflammation [44]. It has been shown that IL-1β auto-stimulation may be 
prevented by reducing NF-κB activity or, alternatively, by blocking IL-1R1 signalling, the latter also 
inhibiting FFAs- and glucose-induced upregulation of IL-1β [45]. 
In addition, a failure in the anti-inflammatory axis has been shown, in the T2D patients, that display 
lower levels of IL-RA, in the endocrine pancreas, when compared to healthy controls [2, 46]. 
Finally, the evidence that hyperglycaemia may directly induce β-cell apoptosis, via the expression 
of the pro-apoptotic receptor Fas on β-cells, which may be further upregulated by glucose-induced 
IL-1β production by β-cells, confirms the metabolic trigger for the inflammatory process in T2D 
islets [1-3,47,48]. 
Thus, we may suggest that the insulin deficiency, observed in T2D, is linked to different factors, 
such as lipotoxicity, glucotoxicity and amyloids deposits which are able to induce IL-1β 
overproduction, leading to β-cell dysfunction and subsequent T2D [40].  
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The role of monocytes/macrophages and production of IL-1β during T2D 
The T2D is associated with the production of higher levels of inflammatory cytokines, which recruit 
immune cells into pancreatic islets [49]. It must be pointed out that resident macrophages, 
generally exhibiting M2-type phenotype (CD11b+ F4/80+ Ly-6C- cells) are actively involved during 
pancreatic physiological development. In fact, these cells may be detected in the embryonic 
epithelial duct cells, and are involved in the development of human pancreas [50]. In addition, 
several observations showed that macrophages colonise the pancreatic islets, supporting the 
development of β-cell mass during embryonic state and after birth[51,52]. 
Due to both the protective and homeostatic effects that pancreatic macrophages may exert, 
similarly to resident macrophages in other tissues, islets macrophages adapt themselves to this 
specific environment [7,49] On the contrary, during T2D, under the effect of increased glucose 
concentrations, these M2-type cells switch to M1-type phenotype (CD11bhigh F4/80-/+Ly-6C+ 
cells) [53] which are characterized by an increased production of pro-inflammatory cytokines 
including IL-1β and higher expression of NLRP3-inflammasome [54,55]. Taken together, these 
data suggest that during T2D, the islets macrophage shifts towards M1-type thus supporting the 
inflammatory process inside the pancreatic islets [7,49,53].  
Bimodal role of IL-1β in T2D 
Despite evidence showing a pathogenic role of increased levels of IL-1β in suppressing the 
proliferation β-cells and their insulin secretion, the same cytokine, at lower concentrations may 
support the same cellular functions, suggesting a bimodal, dose-dependent effect [56,57]. The 
modulation of Fas inhibitor FADD-like interleukin-1-beta-converting enzyme (FLICE)-like inhibitory 
protein (FLIP) and the activation of protein kinase C signalling, by IL-1β,have been proposed to 
play a pivotal role in this setting. In fact, lower concentrations of IL-1β may increase FLIP 
expression; on the contrary, higher concentrations of IL-1β may suppress its expression, to β-cell 
apoptosis via Fas/Fas ligand pathway [58-61].  
IL-1 blocking agents for T2D 
Both preclinical and clinical observations reported the efficacy of IL-1 antagonism therapy in T2D 
[62,63]. Although IL-1 blocking agents seem to be ineffective in T1D patients [64], recent preclinical 
evidence showed an IL-1β-driven pro-apoptotic function on pancreatic β-cells, thus suggesting a 
potential role of IL-1β in the early phases of T1D pathogenesis [64]. In this context, it has been 
proposed that a combination approach with anti-IL-1 drugs, in the early phases of T1D, might be 
attractive, to block the local β-cell inflammation and apoptosis and to promote regulatory T-
lymphocyte responses [62-64]. 
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Anakinra is biologic drug antagonizing IL-1 activity and licensed for the treatment of RA and many 
auto-inflammatory disorders [33,65,66]. The possible therapeutic effect of Anakinra in T2D has 
been tested in a clinical trial in which 70 T2D patients were randomized to receive anakinra or 
placebo.  Anakinra significantly decreased the glycated hemoglobin (HbA1c) levels and this result 
was associated with an increase of C-peptide secretion, after 13 weeks of treatment [67]. 
Furthermore, during the follow-up a reduction of the proinsulin/insulin ratio was observed after 39 
weeks of anakinra withdrawal [68]. Further experiments, in animal models, confirmed that IL-1 
antagonism was able to decrease inflammation in insulin sensitive tissues, and this result was 
associated with a reduction of macrophages infiltrates within the islet, leading to an improvement of 
β-cell function [69,70]. In addition, an improvement of the glucose disposition index, during oral 
glucose tolerance test, was observed during anakinra treatment, in obese human subjects without 
T2D [71]. In this context, a randomized clinical trial, enrolling patients with impaired glucose 
tolerance, recently reported a significant improvement, of both insulin secretion and insulinogenic 
index, after 4 weeks of anakinra. [72].  
Gevokizumab, a recombinant humanized monoclonal antibody against IL-1β [73], was able to 
induce a decrease of HbA1c levels, associated with an increase of C-peptide secretion, as well a 
reduction of C-reactive protein in T2D patients, at the dosages of 0.03-0.1 mg/kg [74]. On the 
contrary, higher dosages did not show any therapeutic effect. To explain this apparent paradox, it 
has been supposed that at higher dosages,  fully neutralizing the IL-1β activity, might deprive β 
cells of the physiologic stimulus that this cytokine plays, to support both insulin secretion and B cell 
proliferation, as we already discussed [56,57]. Canakinumab is a biological agent blocking IL-1β 
and was tested in a randomized clinical trial enrolling T2D patients. Fasting plasma glucose, insulin 
secretion rate and insulin levels were improved by canakinumab, after 4 week [75]. In addition, a 
large clinical trial is ongoing (ClinicalTrials.gov NCT01327846), in order to assess if Canakinumab 
treatment may decrease cardiovascular events, in T2D patients, via the improvement of  insulin 
secretion and glycaemic parameters [76]. 
Expert commentary 
Recently, the hypothesis that blocking IL-1 activity may be helpful in the treatment of RA-
associated comorbidities, has been strongly emphasized [3]. This aspect is not merely a minor 
issue. At present, the costs of an appropriate RA therapy, although widely varies across Europe 
and worldwide, are alerting, both the healthcare professionals and the designers of health policies, 
in order to achieve the best outcome at the lowest cost [77]. The 2 main RA comorbidities, 
cardiovascular involvement and T2D, are included among the most expensive clinical conditions in 
the developed world [4]. Thus, in this setting, targeting some molecule, whose therapeutic effects 
may extend beyond the joints inflammation and in order to control some comorbidity, is a strong 
perceived need [77], in those countries that are gradually reducing the health care budgets [4]. 
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As we previously described, RA is characterized by synovial inflammation, joint destruction and 
systemic inflammation [13,14]. Intriguingly, in recent years many papers showed that the 
inflammatory molecules playing a pathogenic role in RA, are also involved in  T2D [1-3], the latter, 
actually considered, an IL-1β inflammatory-mediated process (Figure 1). Of note, both preclinical 
and clinical observations reported the efficacy of IL-1 antagonism therapy in T2D [55,62]. On the 
contrary, despite experimental studies showed a possible role of TNF-α, in regulating insulin 
production and function, disappointing results were reported in the treatment of T2D patients with 
TNF-α inhibitors [1,63]. 
Recently, we demonstrated that different concentrations of glucose may influence the pro-
inflammatory status of monocytes of RA patients. In vitro production of IL-1β from isolated human 
monocytes, obtained from RA and T2D patients, was enhanced after exposition to higher 
concentrations of glucose, and the highest levels of IL-1β were observed in patients affected by 
both RA and T2D [78]. In this experimental setting, a significantly higher expression of NLRP3-
inflammasome was observed, after exposition to higher glucose levels, in isolated human 
monocytes, the highest expression observed in T2D/RA patients [78].  
Furthermore, we showed that active RA patients, with concomitant T2D, treated with anakinra, 
reached the therapeutic targets of both the diseases [DAS28<2.6 and HbA1c <53mmol/mol, 7%], 
allowing us to taper or discontinue their antidiabetic therapy [79]. Finally, the results of a clinical 
trial enrolling RA patients, treated with anakinra, showed that the best responders to treatment 
were the patients affected by T2D comorbidity [80], confirming the synergistic effect of both the 
diseases in modulating the inflammatory status [3]. On these bases, an open, randomized, 
controlled, double-armed, multi-centre clinical trial is actually ongoing in Italy, whose primary end-
point is the efficacy of anakinra in controlling signs and symptoms of T2D, in RA patients with 
concomitant T2D, (TRACK study, NCT02236481, www.clinicaltrial.gov). 
Five-year view 
Although in the past, the prevention of the joint destruction was strongly emphasized, now a great 
interest is focused to identify the best therapeutic choice to control the RA-associated 
comorbidities. Several data suggest that a large percentage of RA patients are affected by T2D, 
whose incidence has reached epidemic levels, in the developed countries, strongly increasing the 
health care costs. Thus, any strategy that may help the heath policies deciders to cut social costs, 
saving the quality of treatment is, at present, a strongly perceived need. To reach this goal, a better 
knowledge about the pathogenesis of these diseases as well as the possibility to treat different 
diseases with the same drug, may allow both policy designers and physicians to choose the most 
effective therapies, lowering the costs. 
Key issues:  
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• Although in the past, the prevention of the joint destruction during RA was strongly 
emphasized, now a great interest is focused on associated comorbidities such as T2D. 
• RA is an autoimmune disease in which IL-1β is a key component in the induction and 
progression of the disease, and therapies antagonizing its effects are effective in controlling 
the symptoms as well as the activity of RA. 
• Many studies supported the pathogenic role of the IL-1β  in T2D mirroring what has been 
observed in RA. 
• The insulin deficiency, observed in T2D, is linked to different factors, such as lipotoxicity, 
glucotoxicity and amyloids deposits which are able to induce IL-1β overproduction.  
• It has been reported that the increased concentrations of glucose may strongly influence 
the proinflammatory status of monocytes obtained from diabetic patients 
• Both preclinical and clinical observations showed the efficacy of anti-IL-1 therapy in T2D . 
• Clinical trials, enrolling RA patients with concomitant T2D, and designed to show if, anti-IL-
1treatments may reach the therapeutic targets of both the diseases, are ongoing.  
• A better knowledge about the pathogenesis of these diseases as well as the possibility to 
treat, in the same patient, different diseases with the same drug, may allow both policy 
designers and physicians to choose the most effective therapies, lowering the costs. 
 
 
Declaration of Interests 
The authors have no relevant affiliations or financial involvement with any organization or entity 
with a financial interest in or financial conflict with the subject matter or materials discussed in the 
manuscript. This includes employment, consultancies, honoraria, stock ownership or options, 
expert testimony, grants or patents received or pending, or royalties 
 
Acknowledgment 
The Authors thank Mrs Federica Sensini for her technical assistance. 
 
D
ow
nl
oa
de
d 
by
 []
 at
 19
:55
 22
 M
arc
h 2
01
6 
  
References 
Reference annotations 
* Of interest 
** Of considerable interest 
**1. Donath MY, Shoelson SE. Type 2 diabetes as an inflammatory disease. Nat Rev Immunol 
2011;11:98-107.  
Excellent overview of  inflammatory mechanisms associated to T2D.  
2. Dinarello CA, Donath MY, Mandrup-Poulsen T. Role of IL-1beta in type 2 diabetes. Curr Opin 
Endocrinol Diabetes Obes 2010;17:314-21.  
*3. Cavalli G, Dinarello CA. Treating rheumatological diseases and co-morbidities with interleukin-1 
blocking therapies. Rheumatology (Oxford) 2015;54:2134-44. 
Interesting review of efficacy of  interleukin-1 blocking therapies in the treatment of rheumatological 
diseases and co-morbidities.  
4. Liao KP, Solomon DH. Traditional cardiovascular risk factors, inflammation and cardiovascular 
risk in rheumatoid arthritis. Rheumatology (Oxford) 2013;52:45-52.  
5. Murdoch C, Muthana M, Lewis CE. Hypoxia regulates macrophage functions in inflammation. J 
Immunol 2005;175:6257-63. 
6. Burke B, Giannoudis A, Corke KP, et al. Hypoxia-induced gene expression in human 
macrophages: implications for ischemic tissues and hypoxia-regulated gene therapy. Am J Pathol 
2003;163:1233-43. 
*7.  Eguchi K, Manabe I. Macrophages and islet inflammation in type 2 diabetes. Diabetes Obes 
Metab 2013;15:152-8. 
Interesting review of role of macrophages in T2D 
8. Dinarello CA, Ikejima T, Warner SJ et al. Interleukin 1 induces interleukin 1. I. Induction of 
circulating interleukin 1in rabbits in vivo and in human mononuclear cells in vitro. J Immunol 
1987;139:1902-10. 
9 Martinon F, Mayor A, Tschopp J. The inflammasomes: guardians of the body. Annu Rev 
Immunol 2009;27:229-65. 
10. Garlanda C, Dinarello CA, Mantovani A. The interleukin-1 family: back to the future. Immunity 
2013;39:1003–18. 
11. Dinarello CA. Overview of the interleukin-1 family of ligands and receptors. Semin Immunol 
2013;25:389–93. 
D
ow
nl
oa
de
d 
by
 []
 at
 19
:55
 22
 M
arc
h 2
01
6 
  
12. Ruscitti P, Cipriani P, Carubbi F, et al. The role of IL-1β in the bone loss during rheumatic 
diseases. Mediators Inflamm 2015;2015:782382. 
13. Strand V, Kavanaugh AF. The role of interleukin-1 in bone resorption in rheumatoid arthritis. 
Rheumatology (Oxford) 2004;43:iii10-iii16. 
14. Arend WP. Cytokine imbalance in the pathogenesis of rheumatoid arthritis: the role of 
interleukin-1 receptor antagonist. Semin Arthritis Rheum 2001;30:1-6.  
15. van den Berg WB, Bresnihan B. Pathogenesis of joint damage in rheumatoid arthritis: evidence 
of a dominant role for interleukin-I. Baillieres Best Pract Res Clin Rheumatol 1999;13:577-97. 
16. Johnson LL, R. Dyer R, Hupe DJ. Matrix metalloproteinases. Curr Opin Chem Biol 1998; 
2:466-471. 
17. Abramson SB, Amin A. Blocking the effects of IL-1 in rheumatoid  arthritis protects bone and 
cartilage. Rheumatology 2002;41:972–80. 
18. Gravallese EM. Bone destruction in arthritis. Ann Rheum Dis 2002;61:ii84–86. 
19. Ghivizzani SC, Kang R, Georgescu HI, et al. Constitutive intra-articular expression of human 
IL-1 beta following gene transfer to rabbit synovium produces all major pathologies of human 
rheumatoid arthritis.J Immunol 1997;1:3604-12.  
20. Horai R, Saijo S, Tanioka H, et al.Development of chronic inflammatory arthropathy resembling 
rheumatoid arthritis in interleukin 1 receptor antagonist-deficient mice. J Exp Med 2000;191:313-
20. 
21. Gravallese EM, Manning C, Tsay A, et al. Synovial tissue in rheumatoid arthritis is a source of 
osteoclast differentiation factor. Arthritis Rheum 2000;43:250-8. 
22. Takayanagi H, Iizuka H, Juji T,  et al. Involvement of receptor activator of nuclear factor 
kappaB ligand/osteoclast differentiation factor in osteoclastogenesis from synoviocytes in 
rheumatoid arthritis. Arthritis Rheum 2000;43:259-69.  
23. Joosten LA, Helsen MM, van de Loo FA, et al. Anticytokine treatment of established type II 
collagen-induced arthritis in DBA/1 mice: a comparative study using anti-TNFalpha, anti-IL-
1alpha/beta and IL-1Ra. Arthritis Rheum 2008;58:S110-22. 
24. Joosten LA, Helsen MM, Saxne T, et al. IL-1 alpha beta blockade prevents cartilage and bone 
destruction in murine type II collagen-induced arthritis, whereas TNF-alpha blockade only 
ameliorates joint inflammation. J Immunol 1999;163:5049-55. 
25. Makarov SS, Olsen JC, Johnston WN, et al.  Suppression of experimental arthritis by gene 
transfer of interleukin 1 receptor antagonist cDNA. Proc Natl Acad Sci U S A 1996;93:402-6. 
D
ow
nl
oa
de
d 
by
 []
 at
 19
:55
 22
 M
arc
h 2
01
6 
  
26. Otani K, Nita I, Macaulay W, et al. Suppression of antigen-induced arthritis in rabbits by ex vivo 
gene therapy. J Immunol 1996;156:3558-62. 
27. Müller-Ladner U, Roberts CR, Franklin BN, et al.Human IL-1Ra gene transfer into human 
synovial fibroblasts is chondroprotective.  J Immunol 1997;158:3492-8. 
28. Li J, Hsu HC, Mountz JD. Managing macrophages in rheumatoid arthritis by reform or 
removal.Curr Rheumatol Rep 2012;14:445-54.  
29. Mantovani A, Sica A, Sozzani S, et al. The chemokine system in diverse forms of macrophage 
activation and polarization. Trends Immunol 2004;25:677–686. 
30. Mosser DM, Edwards JP. Exploring the full spectrum of macrophage activation. Nat Rev 
Immunol 2008; 8:958-69. 
31. Tsai S, Santamaria P. MHC Class II Polymorphisms, Autoreactive T-Cells, and 
Autoimmunity.Front Immunol. 2013;4:321.  
32. Chen G. Immunotherapy of rheumatoid arthritis targeting inflammatory cytokines and 
autoreactive T cells. Arch Immunol Ther Exp (Warsz). 2010;58:27-36.  
*33. Mertens M, Singh JA. Anakinra for rheumatoid arthritis. Cochrane Database Systematic 
Review 1:CD005121. 
A systematic review of anakinra efficacy in RA patients 
34. Lachmann HJ, Kone-Paut I, Kuemmerle-Deschner JB, et al. Canakinumab in CAPS Study 
Group: Use of canakinumab in the cryopyrin-associated periodic syndrome. N Engl J Med 2009, 
360:2416-2425. 
35. Alten R, Gram H, Joosten LA, vet al. The human anti-IL-1beta monoclonal antibody ACZ885 is 
effective in joint inflammation models in mice and in a proof-of-concept study in patients with 
rheumatoid arthritis. Arthritis Res Ther 2008, 10:R67. 
36. Alten R, Gomez-Reino J, Durez P, et al. Efficacy and safety of the human anti-IL-1β 
monoclonal antibody canakinumab in rheumatoid arthritis: results of a 12-week, Phase II, dose-
finding study. BMC Musculoskeletal Disorders 2011;12:153 
**37. Maedler K, Sergeev P, Ris F et al. Glucose-induced beta cell production of IL-1beta 
contributes to glucotoxicity in human pancreatic islets. J Clin Invest 2002; 110: 851-860. 
The first description of the role of IL-1β in T2D 
38. Welsh N, Cnop M, Kharroubi I, et al. Is there a role for locally produced interleukin-1 in the 
deleterious effects of high glucose or the type 2 diabetes milieu to human pancreatic islets? 
Diabetes 2005;54:3238-44. 
D
ow
nl
oa
de
d 
by
 []
 at
 19
:55
 22
 M
arc
h 2
01
6 
  
39. Zhou R, Tardivel A, Thorens B, et al.Thioredoxin-interacting protein links oxidative stress to 
inflammasome activation.Nat Immunol. 2010 Feb;11(2):136-40. doi: 10.1038/ni.1831. Epub 2009 
Dec 20. 
.40 Masters SL, Dunne A, Subramanian SL et al. Activation of the NLRP3 inflammasome by islet 
amyloid polypeptide provides a mechanism for enhanced IL-1beta in type 2 diabetes. Nat Immunol 
2010;11: 897-904. 
41. Akter R, Cao P, Noor H, et al. Islet Amyloid Polypeptide: Structure, Function, and 
Pathophysiology. J Diabetes Res 2016;2016:2798269. 
42. Prajapati B, Jena PK, Rajput P, et al. Understanding and modulating the Toll like Receptors 
(TLRs) and NOD like Receptors (NLRs) cross talk in type 2 diabetes. Curr Diabetes Rev. 
2014;10:190-200.  
43. Schroder, K., Zhou, R. & Tschopp, J. The NLRP3 inflammasome: a sensor for metabolic 
danger? Science 2010;327:296-300. 
44. Böni-Schnetzler M, Thorne J, Parnaud G, et al.Increased interleukin (IL)-1beta messenger 
ribonucleic acid expression in beta -cells of individuals with type 2 diabetes and regulation of IL-
1beta in human islets by glucose and autostimulation.J Clin Endocrinol Metab 2008;93:4065-74.  
45. Boni-Schnetzler, M. Boller S, Debray S, et al. Free fatty acids induce a proinflammatory 
response in islets via the abundantly expressed interleukin-1 receptor I. Endocrinology 
2009;150:5218-29. 
46. Maedler K, Sergeev P, Ehses JA, et al. Leptin modulates β cell expression of IL-1 receptor 
antagonist and release of IL-1β in human islets. Proc Natl Acad Sci USA 2004;101:8138-43. 
47. Donath MY, Gross DJ, Cerasi E, et al. Hyperglycemia-induced β-cell apoptosis in pancreatic 
islets of Psammomys obesus during development of diabetes. Diabetes 1999; 48: 738-44. 
48. Quan W, Jo EK, Lee MS. Role of pancreatic β-cell death and inflammation in diabetes. 
Diabetes Obes Metab 2013;15:141-51.  
49. Akira S, Misawa T, Satoh T, et al. Macrophages control innate inflammation. Diabetes Obes 
Metab 2013;15:10-8.  
50. Banaei-Bouchareb L, Peuchmaur M, Czernichow P, et al. A transient microenvironment loaded 
mainly with macrophages in the early developing human pancreas. J Endocrinol 2006;188:467-80. 
51. Riley KG, Pasek RC, Maulis MF, et al. Macrophages are essential for CTGF-mediated adult β-
cell proliferation after injury. Mol Metab 2015;4:584-91.  
52. Hume DA, Halpin D, Charlton S, et al. The mononuclear phagocyte system of the mouse 
defined by immunohistochemical localization of antigen F4/80. Macrophages of endocrine organs. 
Proc Natl Acad Sci USA 1984; 81: 4174-7. 
D
ow
nl
oa
de
d 
by
 []
 at
 19
:55
 22
 M
arc
h 2
01
6 
  
53. Eguchi K, Manabe I, Oishi-Tanaka Y et al. Saturated fatty acid and TLR signaling link β cell 
dysfunction and islet inflammation. Cell Metab 2012;15:518-33 
54 Dasu MR, Devaraj S, Jialal I. High glucose induces IL-1beta expression in human monocytes: 
mechanistic insights. Am J Physiol Endocrinol Metab 2007; 293:E337-46. 
55. Lee HM, Kim JJ, Kim HJ, et al. Upregulated NLRP3 inflammasome activation in patients with 
type 2 diabetes. Diabetes 2013 Jan;62(1):194-204.  
56. El Muayed M, Billings LK, Raja MR et al. Acute cytokine-mediated downregulation of the zinc 
transporter ZnT8 alters pancreatic beta-cell function. J Endocrinol 2010;206: 159-69. 
57. Maedler K, Schumann DM, Sauter N et al. Low concentration of interleukin-1beta induces 
FLICE-inhibitory protein-mediated beta-cell proliferation in human pancreatic islets. Diabetes 
2006;55:2713-22. 
58. Schumann DM, Maedler K, Franklin I et al. The Fas pathway is involved in pancreatic beta cell 
secretory function. Proc Natl Acad Sci USA 2007;104:2861-6. 
59. Suarez-Pinzon W, Sorensen O, Bleackley RC,  et al. Beta-cell destruction in NOD mice 
correlates with Fas (CD95) expression on beta-cells and proinflammatory cytokine expression in 
islets. Diabetes 1999;48:21-8. 
60. Eizirik DL, Sandler S, Welsh N,  et al. Interleukin-1 beta-induced stimulation of insulin release 
in mouse pancreatic islets is related to diacylglycerol production and protein kinase C activation. 
Mol  Cell Endocrinol 1995;111:159-65. 
61. Ellingsgaard H, Hauselmann I, Schuler B et al.  Interleukin-6 enhances insulin secretion by 
increasing glucagon-like peptide-1 secretion from L cells and alpha cells. Nat Med 2011;17:1481-9. 
*62. Skeldon AM, Faraj M, Saleh M. Caspases and inflammasomes in metabolic inflammation. 
Immunol Cell Biol 2014;92:304-13. 
Interesting review of role of  caspases and inflammasomes in metabolic inflammation 
*63. Donath MY. Targeting inflammation in the treatment of type 2 diabetes: time to start.  Nat Rev 
Drug Discov 2014;13:465-76.  
Interesting review of  immunomodulatory therapies for T2D. 
64. Moran A, Bundy B, Becker DJ, et al. AIDA Study Group: interleukin-1 antagonism in type 1 
diabetes of recent onset: two multicentre, randomised, double-blind, placebo-controlled trials. 
Lancet 2013;381:1905–15. 
65. Koné-Paut I, Galeotti C. Current treatment recommendations and considerations for cryopyrin-
associated periodic syndrome.   Expert Rev Clin Immunol 2015;11:1083-92.  
66. Koné-Paut I, Galeotti C. Anakinra for cryopyrin-associated periodic syndrome. Expert Rev Clin 
Immunol 2014;10:7-18.  
**67. Larsen CM, Faulenbach M, Vaag A, et al. Interleukin-1-receptor antagonist in type 2 diabetes 
mellitus. N Engl J Med 2007;356:1517-26. 
A clinical study showed the efficacy of treatment with an IL-1 antagonist in T2D patients. 
D
ow
nl
oa
de
d 
by
 []
 at
 19
:55
 22
 M
arc
h 2
01
6 
  
 
68.Larsen CM, Faulenbach M, Vaag A, et al. Sustained effects of interleukin-1 receptor antagonist 
treatment in type 2 diabetes. Diabetes Care. 2009;32:1663-8. 
69. Ehses JA, Lacraz G, Giroix MH et al. IL-1 antagonism reduces hyperglycemia and tissue 
inflammation in the type 2 diabetic GK rat. Proc Natl Acad Sci USA 2009;106:13998–14003. 
70. Sauter NS, Schulthess FT, Galasso R, et al. The antiinflammatory cytokine interleukin-1 
receptor antagonist protects from high-fat diet-induced hyperglycemia. Endocrinology 2008;149: 
2208–18. 
71. van Asseldonk EJP, Stienstra R, Koenen TB, Joosten LAB, Netea MG, Tack CJ. Treatment 
with anakinra improves disposition index but not insulin sensitivity in nondiabetic subjects with the 
metabolic syndrome: a randomized, double-blind, placebo-controlled study. J Clin Endocrinol 
Metab 2011;96:2119–2126. 
72 van Poppel PC, van Asseldonk EJ, et al. The interleukin-1 receptor antagonist anakinra 
improves first-phase insulin secretion and insulinogenic index in subjects with impaired glucose 
tolerance. Diabetes Obes Metab 2014;16:1269-73.  
73. Roell MK, Issafras H, Bauer RJ, et al. Kinetic approach to pathway attenuation using XOMA 
052, a regulatory therapeutic antibody that modulates interleukin-1beta activity. J Biol Chem 
2010;285:20607-14 
74. Cavelti-Weder C, Babians-Brunner A, Keller C et al. Effects of gevokizumab on glycemia and 
inflammatory markers in type 2 diabetes. Diabetes Care 2012; 35: 1654-62. 
75. Rissanen A, Howard CP, Botha J, et al. Effect of anti-IL-1β antibody (canakinumab) on insulin 
secretion rates in impaired glucose tolerance or type 2 diabetes: results of a randomized, placebo-
controlled trial. Diabetes Obes Metab 2012;14:1088-96. 
76. Ridker PM, Howard CP, Walter V et al. Effects of interleukin-1β inhibition with canakinumab on 
hemoglobin A1c, lipids, C-reactive protein, interleukin-6, and fibrinogen: a phase IIb randomized, 
placebo-controlled trial. Circulation 2012;126:2739-48.  
77. Osiri M, Sattayasomboon Y. Prevalence and out-patient medical costs of comorbid conditions 
in patients with rheumatoid arthritis. Joint Bone Spine. 2013;80:608-12. 
78. Ruscitti P, Cipriani P, Di Benedetto P,  et al. Monocytes from patients with rheumatoid arthritis 
and type 2 diabetes mellitus display an increased production of interleukin (IL)-1β via the 
nucleotide-binding domain and leucine-rich repeat containing family pyrin 3 (NLRP3)-
inflammasome activation: a possible implication for therapeutic decision in these patients. Clin Exp 
Immunol 2015;182:35-44. 
D
ow
nl
oa
de
d 
by
 []
 at
 19
:55
 22
 M
arc
h 2
01
6 
  
79. Ruscitti P, Cipriani P, Cantarini L, et al. Efficacy of inhibition of IL-1 in patients with rheumatoid 
arthritis and type 2 diabetes mellitus: two case reports and review of the literature. J Med Case 
Rep 2015;9:123. 
80. Missler-Karger B, Leu M, Raboisson MA, Pilstrom B. Disease severity, no steroid use and type 
II diabetes predict response to anakinra (kineret®) in patients with rheumatoid arthritis. [FRI0219] 
Ann Rheum Dis 2013;72:447.  
 
 
D
ow
nl
oa
de
d 
by
 []
 at
 19
:55
 22
 M
arc
h 2
01
6 
